Several existing length-weight relationships for the copepods Pseudocalanus sp., Paracalanus parvus, Centropages typicus, Centropages hamatus, Oithona sp., Calanus finmarchicus, and Acartia sp., which are common in the surface waters of the Georges Bank-Gulf of Maine area, are examined and possible sources of variation among the relationships are discussed. Ideally, length and weight measurements should be carried out on fresh specimens and specific equations determined for all stages of each species at different times and locations. However, this procedure, which may be applicable to small-scale studies involving a limited number of taxonomic groups, is too time-consuming and expensive for use in general monitoring studies. In situ methods, currently being developed for recording standing crop in order to estimate productivity, will be more cost-effective for broad-scale monitoring surveys.
Introduction
The literature contains numerous length-weight (biomass) conversion relationships for marine zooplankton which may be useful in general monitoring studies where length is more easily and readily measured than weight. The Northeast Fisheries Center, National Marine Fisheries Service, Woods Hole, Massachusetts, is currently conducting ecosystem dynamic studies on the continental shelf from the Gulf of Maine to Cape Hatteras. These studies focus on the critical zooplankton-fish linkages and are based upon measures of biomass (Sherman et al., 1979; Sherman, 1980) . Knowledge of the prey biomass is necessary for investigations into the relationship between larval fish feeding (gut contents) and the natural food supply (Ivlev, 1961) . Bioenergetic studies of larval fish feeding and survival, such as those conducted by laurence (1977), Radtke and Dean (1979) and Lasker (1973) , require estimates of the dry weight and caloric value of the prey consumed.
In this paper, a comparison and evaluation is made of several length-weight relationships for each of the dominant species of copepods consumed by autumnspawned larval herring (Clupea harengus l.) in the Georges Bank-Gulf of Maine area. The rationale and methodology of the larval herring feeding studies are described elsewhere (Cohen and lough, MS 1979) .
Materials and Methods
The dominant food organisms of larval herring in the Georges Bank-Gulf of Maine area, based on the work of Cohen et al. (MS 1980) , are the juveniles and adults of the following copepods: Pseudocalanus sp., Paracalanus parvus, Centropages typicus, Centropages hamatus, Oithona sp., and Calanus finmarchicus, and various length-weight relationships for these species have been selected from the Iiteratu re for com parison and evaluation (Table 1) . Some recent work on Acartia clausi (Durbin and Durbin, 1978) is also included in this study because the methods and results are clearly specified and therefore useful in evaluating earlier studies of this species.
Geographic and seasonal differences in body size and biomass exist (Bogorov, 1934; Comita et al., 1966; Conover, 1968; Siefkin and Armitage, 1969) , and equations need to be selected accordingly. Added variability in the data is created by a general lack of uniformity in laboratory methods used to determine the lengths and weights. Durbin and Durbin (1978) and Robertson (1968) used fresh specimens in their investigations, whereas the other equations apply to formalinpreserved animals. Schwartz (MS 1977) combined several stages in his study of Calanus finmarchicus, causing his results to be less refined than those of other workers.
The length-weight equations used in this study have been standardized to the exponential form, W == alb, where W is the dry weight (mg) (Corkett and McLaren, 1978; Davis, MS 1977; Durbin and Durbin, 1978; Robertson, 1968; Schwartz, MS 1977) or wet weight (mg) (Anon., MS 1976; Chislenko, 1968; Gruzov and Alekseyeva, 1970; Kamshilov, 1951; Krylov, 1968; Pertsova, 1967; Shmeleva, 1963) , L is the cephalothorax length (mm) in studies using dry weight or total length (mm) in studies using wet weight, and a and b are constants. Appropriate lengths were substituted into all equations for each species and the mean weight plotted for each length value.
Results
Considerable variation in the length-weight relationships for the various species (Table 1) is to be expected because of differences in length and weight measurements, laboratory-processing methods, and area and season of sampling. The range of the composite length-weight curves represented in Fig. 1 and 2 tends to increase with increasing size for all species, possibly because the older animals have a wide range of length within the same stage. For example, adult females of Pseudocalanus sp. may vary from 0.67 to 1.90 mm (Corkett and McLaren, 1978) . Pearre (1980) discusses the bases for several of the methods used to derive the equations cited.
Discussion
One approach to assessing the energy content of copepods is to determine their biomass or dry weight by some method. Ideally, unpreserved individuals of all stages of each copepod species of interest from selected field samples should be processed to determine the basic length-weight relationships in a standard form (e.g., Y == ax"). Biomass (energy content) can then be calculated when only the sample mean length and number of individuals are recorded (Landry, 1978; Durbin and Durbin, 1978) . Pearre (1980) points out that width would be a more appropriate linear measurement than length because the latter is somewhat ambiguous in view of the different morphologies of the major copepod groups and the variety of measuring conventions used by different workers. Width seems to be a more critical dimension than length in prey selection by larval fish, but little attention has been given to this measurement in the literature.
An alternative method must be used to determine biomass from previously preserved samples. In the present study, several existing length-weight relationships for each of the common copepod species are examined. Comparisons of these equations within species are difficult because of geographic and seasonal differences in copepod body size. Some generalizations about the main factors controlling copepod length and weight (temperature and food concentration) are found in the literature. Both length and weight are positively correlated with food concentration and inversely related to temperature (Deevey, 1960; Durbin and Durbin, 1978; Mullin and Brooks, 1970) . Food concentration may affect length only indirectly by influencing developmental rate and therefore determining the temperatures encountered during growth (McLaren, 1963) .
When considering preserved samples, the additional influence of formalin on weight and length should be noted. Most researchers agree that cephalothorax length of copepods is not significantly affected by formalin preservation, but there is some question about the effect of formalin on dry weight and other chemical constituents (Lovegrove, 1966; Fudge, 1968) . Changes in dry weight (Mullin and Brooks, 1970) and carbon and nitrogen (Durbin and Durbin, 1978 ) stabi-;':~e after the samples have equilibrated for several months. Corkett and McLaren (1978) suggest that the lack of a consistent relationship between preserved ar --; unpreserved dry weight of copepods collected at ,~same time is due to the seasonally changing fat t-.Jntent (soluble in formalin). When fat content is low, there should be less discrepancy between the weights than when it is high. Landry (1978) states that, when food concentration is high, Acartia clausi copepodites accumulate excess carbon in a formalin-soluble form (probably lipid) which is not detected in the weight of animals preserved in formalin. He further suggests that this accumulated carbon is a good measure of immediate condition. Durbin and Durbin (1978) recommend calculating a condition factor for copepods, as is commonly done in fishery biology, in order to obtain a better esti mate of energy content.
On the basis of these considerations and the available information, equations should be selected from Table 1 according to the requirements of the investigation, considering season, geographic area, and type of length and weight measurements taken.
Time and effort could be saved during future surveys if real-time methods of recording zooplankton biomass could be perfected. One such procedure, the "weight-dependent" method of estimating standing crop and secondary production (Mullin and Huntley, ners. comm.) could be applied to preserved samples as they are sorted by image analysis techniques or to data ;htained from in situ electronic zooplankton counters »ch as the one described by Herman and Dauphinee (1980) . Beers (1976) only be used in studies involving a limited taxonomic group of organisms, and he also encouraged the develõ pment of in situ methods of biomass measurement for routine surveys.
